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Abstract. Fourteen new zoysiagrass (Zoysia spp.) germplasm lines from parental crosses
including Z. japonica (Steud.), Z. matrella (L.) Merr., and Z. pacifica (Goudswaard) were
evaluated for susceptibility to large patch caused by the fungus Rhizoctonia solani Kühn
anastomosis group (AG) 2-2 LP. The germplasm lines were compared with ‘Meyer’ (Zoysia
japonica Steud.), the most widely used cultivar in the transition zone of the United States,
under growth chamber and field conditions. Large patch susceptibility in the growth
chamber study was estimated five days post-inoculation and thereafter for 25 days. Three
pots of each line and ‘Meyer’ were randomly selected and rated for disease incidence by
determining the percentage of individual shoots in each pot with distinct, water-soaked
brown lesions on the leaf sheath. Field assessment of large patch susceptibility was carried
out weekly and was by direct measurement of patch sizes as well as by digital image analysis
of plots for the percentage of diseased turf. All 14 progeny had similar disease levels
compared with ‘Meyer’ in the growth chamber, but only six consistently had disease levels
as low as ‘Meyer’ in the field. Growth chamber results did not correlate to field results.

Zoysiagrass (Zoysia spp.) is a warm-season
(C4) turfgrass that is popular in the transition
zone of the United States (Dunn and Diesburg,
2004; Fry et al., 2008; Patton et al., 2007).
Some desirable characteristics of zoysiagrasses
include good density and resistance to pests
(Fry and Huang, 2004). Zoysiagrass also re-
quires less fertilizer and pesticides compared
with some cool-season turfgrass species such
as creeping bentgrass (Agrostis stolonifera L.)
(Fry et al., 2008).

Large patch, caused by Rhizoctonia solani
AG 2-2 LP, is the most common and severe
disease of zoysiagrass in the transition zone
and everywhere zoysiagrass is used. It can
cause large areas of blighted turf in the spring
and fall. Typical symptoms appear as light
brown to straw-colored sunken patches with
or without bright orange margins (Green et al.,
1993; Smiley et al., 2005; Tisserat et al., 1994).
Patches can range in size up to 6 m or more
in diameter (Green et al., 1993; Tisserat et al.,
1994) with healthy turfgrass sometimes scat-
tered within the patches. During summer

conditions, growth of new shoots from liv-
ing stolons and rhizomes often results in full
recovery.

Along with large patch, the relative lack
of an acceptable level of winterhardiness
and long period of winter dormancy are
limiting factors in the widespread use of
zoysiagrass cultivars in the transition zone.
The level of winter injury varies widely among
zoysiagrass genotypes (Patton and Reicher,
2007). ‘Meyer’ zoysiagrass (Z. japonica
Steud.), a vegetatively propagated zoysia-
grass cultivar, has been the most widely used
cultivar on golf courses in the transition zone
since 1952 (Fry et al., 2008). ‘Meyer’ and
‘Zenith’ zoysiagrass (Z. japonica), which is
seed-propagated, have better freeze tolerance
than cultivars such as ‘Zorro’, ‘Diamond’, and
‘Royal’, which are Z. matrella (Patton et al.,
2007). However, ‘Meyer’ is slow to establish
and recover, and it is coarser in texture than
Z. matrella cultivars (Fry and Dernoeden, 1987;
Patton and Reicher, 2007).

Since 2004, turfgrass researchers at Kansas
State University have evaluated over 600
new zoysiagrass progeny for winter survival
and quality (Okeyo et al., 2011; Zhang and
Fry, 2006). These progeny were the result
of genotypic crosses made at Texas A&M–
Dallas, most of which involved one parent

from Z. japonica and one from either a Z.
matrella cultivar or ‘Emerald’ (Z. japonica 3
Z. pacifica). The crosses were made in an
effort to develop one or more cultivars with
freezing tolerance equivalent to or better than
‘Meyer’ as well as having good density, fine
leaf texture, and quality. In a recent study,
Okeyo et al. (2011) determined that several
zoysiagrass progeny associated with recip-
rocal crosses of Z. matrella (L.) Merr. 3
Z. japonica or ‘Emerald’ 3 ‘Meyer’ dem-
onstrated freezing tolerance comparable with
‘Meyer’. Furthermore, some also were supe-
rior to ‘Meyer’ in fall green color retention
but not spring green color onset (Okeyo
et al., 2011). In another study, Fry and Cloyd
(2011) assessed the susceptibility of a select
14 of the zoysiagrass progeny and ‘Meyer’ to
bluegrass billbug larval damage. The study
found that lines 5313-71, DALZ 0102, 5321-
18, and 5334-59 suffered significantly lower
larval damage compared with ‘Meyer’ during
the 2 years of the study.

The objective of this study was to eval-
uate the susceptibility to large patch of 14
new freeze-tolerant zoysiagrass progeny and
‘Meyer’ under growth chamber and field con-
ditions. The 14 progeny are a subset of selec-
tions made from evaluations of the original
600 zoysiagrass progeny for cold tolerance
and the other traits listed at Kansas State
University.

Materials and Methods

Pathogen isolation and storage
Rhizoctonia solani AG 2-2 LP isolates

were recovered from large patch-infected
zoysiagrass samples from Kansas in 2008.
Leaf sheath sections measuring 1 to 2 cm
with blight symptoms were removed from
infected plants, surfaced-sterilized with 0.5%
NaOCl for �2 min, blotted dry, and placed
on one-fourth strength potato dextrose agar
(Difco Laboratories, MD) amended with
tetracycline (10 mg�L–1) and streptomycin
(10 mg�L–1) (Biotech Research Grade; Fisher
Scientific Inc., NJ) (designated as ‘‘1/4 PDA++’’).
Cultures were maintained at 23 �C in the dark.
Identification of R. solani from cultures was
based on hyphal characteristics, nuclear con-
ditions (multinucleate) as described by Martin
(1987), hyphal anastomosis and fusion fre-
quency with a known tester isolate belonging
to the anastomosis group AG-2-2 LP on agar-
coated glass slides (Carling, 1996; Martin and
Lucas, 1984), and by polymerase chain re-
action using the AG 2-2 LP-specific primer
P22-LP developed by Carling et al. (2002).
One large patch isolate was then selected
from the collection and used to infest oat
kernels in glass jars according to the method
described by Tisserat et al. (1989). To pre-
pare inoculum, 150 g of oat kernels mixed
with 150 mL of distilled water in a glass jar
was sterilized by steam autoclaving twice
at 121 �C for 30 min. Sterilized oats were
inoculated with several agar plugs from plates
of 1/4 PDA++. The glass jars containing the
inoculated oat kernels were shaken periodi-
cally, as required, to ensure even distribution.
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After �14 d of incubation, the infested oat
kernels were used, without drying, for inocu-
lation of established progeny turfgrasses in
pots and in the field.

Growth chamber studies
Plant inoculation and disease assessment.

Stolons of the 14 new lines and ‘Meyer’ (see
Tables 1 to 4) were collected in October of
2008 and November of 2009, respectively,
from the edges of established field plots
measuring 1.5 m 3 1.5 m with three replicate
plots each at the Rocky Ford Turfgrass Re-
search Station in Manhattan, KS (Okeyo et al.,
2011). Stolons were rinsed under tap water
to remove soil debris, surface-sterilized with
0.5% NaOCl for 3 min, and finally rinsed
in two changes of distilled water. Prepared
stolons were subsequently propagated in
potting media (Metro Mix 510; SUN GRO,
WA) contained in 5 cm 3 5-cm plastic pots
and kept under an intermittent mist system
in the greenhouse at 25 �C for �2 months.
Pots with stolon sections containing three to
10 shoots were subsequently removed from
the mist chamber and maintained at 28 �C
and 16-h photoperiod achieved with supple-
mental lighting of up to 580 mmol�m–2�s–1 at
the canopy level (Zhang, 2007) in a green-
house for an additional 3 months before in-
oculation. Grasses were fertilized once with
urea to provide nitrogen (N) at 49 kg�ha–1

immediately after transfer to the greenhouse.
Pots were watered twice a week and grasses
were maintained at a height of �2 cm using
scissors.

Each zoysiagrass line was inoculated with
eight to 10 infested or non-infested sterile oat
kernels by placing the kernels on the soil
surface in each pot. A total of 18 pots of each
zoysiagrass line was placed in separate plas-
tic trays, filled with water to a depth of 2 cm,
and covered with a clear plastic lid to main-
tain a high relative humidity. The plastic trays
were arranged in a complete randomized de-
sign and maintained at 25 �C and a 13-h
photoperiod in a Conviron ATC60 growth
chamber (Conviron, Canada).

After 5 d, and at 5-d intervals thereafter
for 25 d, three pots of each line were randomly
selected and removed from the growth cham-
ber for destructive sampling. They were rated
for disease incidence by determining the per-
centage of individual shoots in each pot with
distinct, water-soaked brown lesions on the
leaf sheath according to the method of Green
et al. (1993). To verify the causal pathogen,
representative samples of infected tissues of
each line were surface-sterilized and incubated
on 1/4 PDA++ at 25 �C for re-isolation of
R. solani. After 25 d, the three uninoculated
pots of each zoysia line were also removed
from the growth chamber and similarly rated
for disease incidence. This study was con-
ducted in 2009 and repeated in 2010.

Field studies
Plot inoculation and disease assessment.

The study was conducted at the Rocky Ford
Turfgrass Research Center in Manhattan, KS
(long. 39.13� N, lat. 96.36� W). Soil at the

site was a Chase silt loam (fine, smectitic,
mesic, Aquertic Argiudoll) with a pH of 7.3.
Plots of the 14 new zoysiagrass progeny and
‘Meyer’ measuring 1.5 m 3 1.5 m were used
for the study. Each plot was established from
16 6-cm-diameter plugs planted in a 30.5 cm 3
30.5-cm area at the center of each plot in 2007
(Okeyo et al., 2011). The plots were arranged
in a randomized complete block design with
three replicates per line and a 0.6-m alley
between each plot. The plots were mowed
twice every week at 1.4 cm. In-ground irriga-
tion was used to prevent stress and supple-
ment rainfall to provide 2.5 cm of water per
week. Plots were fertilized in July and August
of each year with urea to provide a total of
49 kg N/ha per year.

For the establishment of large patch disease,
all the plots were inoculated in September of
2008. Inoculation was performed by placing
8 to 10 g of infested oat kernels in a small
furrow of �5 to 7 cm diameter, made using
a hand trowel, between the turf and thatch
layer at the center of each plot. Plots were
subsequently irrigated daily for �10 d after
inoculation to promote the establishment of
disease.

In the spring of 2009, patch sizes in progeny
field plots were measured weekly using a meter
rule and expressed as the average patch

diameter along two perpendicular axes. Ad-
ditionally, analysis of digital images of plots
was carried out. Patch symptoms within a
65 cm 3 75-cm rectangle in the center of
plots were photographed weekly using the
automatic settings of a Nikon D70s digital
camera (Nikon Inc., Japan) at 1.2 m above
the turf. Plots were manually brushed and
air-blown with a motorized blower to re-
move dead grass clippings before being photo-
graphed. This was necessary to avoid error in
large patch estimations resulting from contri-
butions from the color of the dead clippings.
The digital images were subsequently ana-
lyzed with SigmaScan Pro Version 5.0 soft-
ware (SPSS, Chicago, IL) using a SigmaScan
Pro macro for batch analysis of digital images
named ‘‘Turf Analysis’’ by Karcher and
Richardson (2005). The threshold settings
of Karcher and Richardson (2005) were ad-
justed (hue: 0 to 53 and saturation: 0 to 57) to
select for pixels representing patch symptoms
within each digital image. In the spring of
2010, however, large patch assessment within
the plots was carried out only by the method of
digital analysis of patch images as a result of
poorly defined patch margins that prevented
accurate size measurements. Data collected by
digital image analysis represented the percent-
age of diseased turf within each plot.

Table 1. Large patch (caused by R. solani AG 2-2 LP) disease incidence of new zoysiagrass lines and
‘Meyer’ under growth chamber conditionsz in 2009.

Progeny/parentx

Disease incidence (%)y

AUDPCw

Days after inoculation (DAI)

5 10 15 20 25

Cavalier 3 Chinese Common
5311-16 2.4 c 25.4 51.7 47.5 55.3 153.4 bcde
5312-55 2.1 c 57.1 60.7 56.7 43.6 197.4 ab

Zorro 3 Meyer
5313-23 18.3 ab 49.1 45.7 55.6 60.2 189.6 abc
5313-34 7.3 bc 49.5 59.7 46.4 50.0 184.2 abcd
5313-71 4.2 c 29.3 59.5 49.4 43.5 145.6 cde
5313-46 0.0 c 42.1 53.1 60.5 46.3 178.9 abcd

Emerald 3 Meyer
5321-9 4.8 c 54.7 61.8 69.9 39.8 208.7 a
5321-18 N/A 25.0 37.6 52.3 N/A N/Av

Meyer 3 8501
5324-26 0.0 c 41.6 62.1 56.5 54.2 187.4 abcd
5324-32 20.5 a 21.0 44.3 51.6 53.0 144.8 de

Meyer 3 8508
5325-11 0.0 c 57.3 55.6 55.4 59.1 197.9 ab

Meyer 3 Diamond
5327-67 12.0 abc 40.6 53.9 51.8 62.7 183.7 abcd

Emerald 3 Zenith
5334-59 0.0 c 32.2 41.6 45.2 53.1 145.6 cde

DALZ 0102 0.0 c 34.4 47.8 50.1 40.1 152.3 cde
Meyer 6.6 bc 43.6 44.9 58.0 49.5 174.4 abcd
zPlants were maintained in the growth chamber at 25 �C with a 13-h photoperiod and a relative humidity
of �95%.
yExpressed as a percentage of individual shoots showing water-soaked sheath blighting symptoms
averaged across three replicated pots destructively sampled at each time point (DAI) for each zoysiagrass
line. One-way analysis of variance was used to compare percent disease incidence. Values followed by the
same letter in a column are not statistically different (P < 0.05). Values in the same column and with no
letters are not statistically different (P < 0.05); N/A = data not available as a result of insufficient
experimental pots of the zoysiagrass line.
xMeyer, DALZ 0102, and Anderson (Chinese common) are Z. japonica. Zorro, 8501, 8508, and Diamond
are Z. matrella.
wArea under disease progress curve (AUDPC). Calculated as

P
[(yi + yi+1)/2][ti+1 – ti], where i = 1, 2, 3,.,

n-1, yi is the amount of disease (incidence) and ti is the time of the ith rating. Values followed by same letter
in a column are not statistically different (P < 0.05). There was no significant difference among progeny
and Meyer at 10, 15, 20, and 25 DAI.
vDisease incidence values available for only three data points (10, 15, and 20 DAI) as a result of shortage of
progeny plant materials. Consequently, the AUDPC value is not shown as a result of incomplete data.
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Data analysis. Statistical analysis of data
were performed with Minitab Version 16
(Minitab Inc., PA) statistical software. The
area under the disease progress curve (AUDPC)
for each zoysia line from the growth chamber
and field studies was calculated using the
method of Madden et al. (2007) with the
formula S[(yi + yi+1)/2][ti+1 – ti], where i =
1, 2, 3,., n-1, yi is the amount of disease
incidence (growth chamber) or the percent-
age of diseased turf (field) and ti is the time
of the ith rating, providing an estimate of
cumulative disease severity over time. Data
obtained following the analysis of the digital
images were subjected to analysis of vari-
ance (ANOVA). AUDPC is a measure of
the cumulative season-long or experiment-
long disease development over time. One-
way ANOVA was used for comparing the
means (with Fisher’s individual error rate at
P # 0.05).

To determine if there was a statistical
association between the performance of the
zoysiagrass progeny under growth chamber
and field conditions, we performed correla-
tion analysis between the growth chamber
and field AUDPC values for the 2009 and
2010 studies using Pearson’s product moment
correlation coefficient. Additionally, we eval-
uated the correlation in large patch AUDPC
between growth chamber experiments and
between results in the field in 2009 and 2010.

Results

Growth chamber inoculation and disease
assessment

On all rating dates except 5 d after inocu-
lation (DAI), in 2009, there were no signif-
icant differences among any lines (Table 1).
At 5 d after inoculation, the percentage of
individual shoots in each pot with distinct,
water-soaked brown lesions on the leaf sheath
was significantly higher for 5324-32 compared
with ‘Meyer’ and many other lines (Table 1).
None of the new lines had AUDPC values
that were significantly different from ‘Meyer’.
The AUDPC values for DALZ 0102, 5313-71,
5334-59, and 5324-32 were not statistically
different from ‘Meyer’ but were significantly
lower than those of 5325-11 and 5312-55
(Table 1).

In the 2010 study, the overall performance
of each zoysiagrass for the duration of the
study, represented by their respective AUDPC
values, was not significantly different from
that of ‘Meyer’ (Table 2). Consistent with the
2009 result, line 5324-32 had a significantly
higher disease incidence at 5 DAI compared
with ‘Meyer’ and all of the other lines.
Additionally, at 10 DAI, progeny 5313-46
also had a significantly higher disease in-
cidence compared with ‘Meyer’, whereas
5324-26 at 15 DAI and 5321-9 at 25 DAI
had significantly lower disease incidence
than ‘Meyer’ (Table 2).

Field disease assessment
2009 assessment. Patch sizes in the new

lines were not significantly different from
those of ‘Meyer’ on 12 and 19 June (Table 3).

Furthermore, the percentage of diseased turf,
as measured by image analysis, was not
significantly different among the new lines
and ‘Meyer’ with the exceptions of 5312-55
on 21 June, 5311-16 on 27 June, and 5321-9
on 3 July, which were higher than ‘Meyer’
(Table 3). No progeny lines had an AUDPC
value significantly different from ‘Meyer’.
Progeny 5313-71 had a significantly lower
AUDPC value than 5312-55.

2010 assessment. The percentage of dis-
eased turf was significantly lower for ‘Meyer’
compared with nine new lines (5313-71, 5313-
46, 5327-67, 5325-11, 5324-32, DALZ 0102,
5324-26, 5321-9, and 5313-23) on 1 May, six
new lines (5313-71, 5313-46, 5327-67, 5325-
11, DALZ 0102, and 5321-9) on 7 May, and
seven new lines (5313-71, 5313-46, 5327-67,
5325-11, 5324-32, 5324-26, and 5321-18) on
28 May (Table 4). By 24 June, there was no
difference in the percentage of diseased turf
among the new lines compared with ‘Meyer’
with the exception of 5313-71, which had a
higher percentage of diseased turf (Table 4).
The AUDPC of ‘Meyer’ was also lower than
that for eight (5313-71, 5313-46, 5327-67,
5325-11, 5324-32, DALZ 0102, 5324-26,
and 5321-9) of the new lines (Table 4). The
remaining six of the 14 new lines (5313-23,
5313-34, 5321-18, 5334-59, 5312-55, and

5311-16) had AUDPC values that were not
statistically different from that of ‘Meyer’.

Correlation analysis. There was no cor-
relation between large patch AUDPC of the
progeny in the growth chamber vs. AUDPC
in the field (r = 0.08, P = 0.79). Additionally,
there was no significant correlation in AUDPC
between growth chamber experiments (r =
0.46, P = 0.09) or between results in the field
in 2009 and 2010 (r = –0.39, P = 0.16).

Discussion

Large patch is widely considered as the
most important disease of zoysiagrasses, par-
ticularly in the transition zone of the United
States (Green et al., 1993). Given that these
zoysiagrass progeny were not bred specifically
for resistance to large patch disease, it was
important to evaluate and compare their sus-
ceptibility to large patch with that of ‘Meyer’,
the most widely used zoysiagrass cultivar in
the transition zone and which is considered
moderately resistant to large patch (Brunneau,
2005; Metz et al., 1993; Reicher, 2004, 2006).

Under growth chamber conditions, designed
to be optimal for fungal growth, all progeny
performed similarly to ‘Meyer’ in both exper-
iments. In the growth chamber, three progeny
had lower AUDPC values than two other

Table 2. Large patch (caused by R. solani AG 2-2 LP) disease incidence of new zoysiagrass lines and
‘Meyer’ under growth chamber conditionsz in 2010.

Progeny/parentx

Disease incidence (%)

AUDPCw

Days after inoculation (DAI)y

5 10 15 20 25

Cavalier 3 Chinese Common
5311-16 0.0 b 22.2 abcd 39.9 ab 33.3 22.6 bc 106.8 abc
5312-55 0.0 b 14.7 bcd 30.6 ab 38.3 21.4 bc 94.3 abcd

Zorro 3 Meyer
5313-34 0.0 b 34.1 ab 36.5 ab 52.8 21.0 bc 133.9 ab
5313-71 0.0 b 6.1 cd 27.3 ab 23.3 31.8 abc 72.6 cd
5313-46 0.0 b 40.5 a 35.9 ab 46.7 27.8 abc 137.0 a

Emerald 3 Meyer
5321-9 0.0 b 16.7 abcd 39.7 ab 35.7 9.4 c 96.8 abc
5321-18 0.0 b 0.0 d 18.7 bc 17.8 26.8 abc 49.9 cd

Meyer 3 8501
5324-26 0.0 b 0.0 d 3.3 c 29.0 19.4 bc 42.0 d
5324-32 5.7 a 19.4 abcd 47.0 a 20.0 36.9 ab 107.7 abc

Meyer 3 8508
5325-11 0.0 b 22.9 abcd 35.6 ab 34.1 42.4 ab 113.8 abc

Meyer 3 Diamond
5327-67 0.0 b 26.7 abc 19.8 bc 15.3 22.9 bc 73.2 bcd

Emerald 3 Zenith
5334-59 0.0 b 0.0 d 20.9 bc N/A 21.5 bc N/Av

DALZ0102 0.0 b 4.8 cd 19.3 bc 25.7 37.3 ab 68.5 cd
Meyer 0.0 b 12.2 bcd 33.7 ab 26.4 42.4 ab 93.6 abcd
zPlants were maintained in the growth chamber at 25 �C with a 13-h photoperiod and a relative humidity
of �95%.
yValues expressed as a percentage of individual plants showing water-soaked sheath blighting symptoms
averaged across three replicated pots destructively sampled at each time point (DAI) for each zoysiagrass
line. One-way analysis of variance was used to compare percent disease incidence. Values followed by the
same letter in a column are not statistically different (P < 0.05). Values in the same column and with no
letters are not statistically different (P < 0.05); N/A = not available as a result of insufficient experimental
pots of the zoysiagrass line.
xMeyer, DALZ 0102, and Anderson (Chinese common) are Z. japonica. Zorro, 8501, 8508, and Diamond
are Z. matrella.
wArea under disease progress curve (AUDPC). Calculated as

P
[(yi + yi+1)/2][ti+1 – ti], where i = 1, 2, 3,.,

n-1, yi is the amount of disease (incidence) and ti is the time of the ith rating. Values followed by similar
letter in a column are not statistically different (P < 0.05). There was no significant difference among
progeny and Meyer at 20 DAI.
vDisease incidence values available for only four data points (5,10, 15, and 25 DAI) as a result of shortage
of progeny plant materials. Consequently, the AUDPC value is not shown as a result of incomplete data.
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progeny in 2009, and in 2010, two of the
three progeny had lower AUDPC values than
5313-34 and 5313-46. Although all progeny
performed comparably with ‘Meyer’ under
field conditions in 2009, results from the 2010
field study indicated that only six progeny
had AUDPC large patch levels as low as
‘Meyer’. Importantly, we found no correla-
tion between results with large patch sus-
ceptibility in the growth chamber compared
with results in the field. More work is needed
to determine the usefulness of growth chamber
evaluations in determining zoysiagrass sus-
ceptibility to large patch.

This study represents the first report of
the evaluation of these new zoysiagrass prog-
eny lines for their susceptibility to large patch
disease. The lack of correlation between
growth chamber and field studies is sugges-
tive of differences in important environmen-
tal conditions to which the plants were subject
during the experiments. Such natural varia-
tions in field environmental conditions and
their accompanying effects on the plant–
pathogen interaction indicate the need for
additional years of evaluation of the progeny
under field conditions. Additional studies are
required to further evaluate their performance
under field conditions at other locations.
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5324-32 61.7 abcd 47.8 bcde 65.9 ab 11.1 bc 150.1 bcd

Meyer 3 8508
5325-11 64.6 abc 58.7 abc 60.4 abc 18.0 bc 160.4 bcd

Meyer 3 Diamond
5327-67 70.1 ab 72.3 ab 66.0 ab 14.1 bc 180.4 abc

Emerald 3 Zenith
5334-59 35.2 def 29.8 de 49.4 bcde 27.2 ab 110.4 def

DALZ 0102 53.4 abcde 57.3 abc 52.1 bcde 13.2 bc 142.7 bcd
Meyer 20.14 f 23.5 e 31.0 e 19.8 bc 74.5 f
zValues are percentage of pixels representing large patch symptoms from digital images taken of plots of
each zoysiagrass line and averaged across three replicated plots per line. The plots were inoculated in the
fall of 2008. One-way analysis of variance was used to compare the percentage of diseased turf. Values
followed by the same letter in a column are not statistically different (P < 0.05). Values in the same column
and with no letters are not statistically different (P < 0.05).
yMeyer, DALZ 0102, and Anderson (Chinese common) are Z. japonica. Zorro, 8501, 8508, and Diamond
are Z. matrella.
xArea under disease progress curve for the percentage of diseased turf. Calculated as

P
[(yi + yi+1)/2][ti+1 – ti],

where i = 1, 2, 3,., n-1, yi is the amount of disease (percentage of diseased turf) and ti is the time of the ith
rating. Values followed by same letter in a column are not statistically different (P < 0.05).

Table 3. Large patch (caused by R. solani AG 2-2 LP) diameter and percentage of diseased turf of new
zoysiagrass lines and ‘Meyer’ under field conditions at Manhattan, KS, in 2009.

Progeny/parenty

Avg patch diam (cm) Percentage of diseased turfz

AUDPCx12 June 19 June 21 June 27 June 3 July
Cavalier 3 Chinese Common

5311-16 109.0 114.0 8.9 ab 5.9 a 3.0 b 16.7 ab
5312-55 116.5 116.0 12.2 a 3.0 ab 4.9 ab 31.3 a

Zorro 3 Meyer
5313-23 128.5 121.5 4.6 ab 3.8 ab 1.9 b 14.7 ab
5313-34 105.8 111.8 5.2 ab 1.7 b 5.8 ab 9.2 ab
5313-71 118.3 120.3 1.8 b 0.5 b 2.2 b 6.4 b
5313-46 99.5 115.5 1.8 b 1.7 b 2.4 b 7.6 ab

Emerald 3 Meyer
5321-9 103.8 115.8 5.0 ab 1.9 b 10.7 a 12.0 ab
5321-18 119.3 119.5 2.8 b 1.6 b 2.6 b 8.2 ab

Meyer 3 8501
5324-26 109.5 116.0 6.3 ab 2.1 ab 7.3 ab 20.0 ab
5324-32 91.0 118.5 4.0 ab 3.4 ab 1.4 b 12.0 ab

Meyer 3 8508
5325-11 104.0 120.2 4.7 ab 1.0 b 2.9 b 8.8 ab

Meyer 3 Diamond
5327-67 128.8 127.8 3.2 ab 0.4 b 2.8 b 9.6 ab

Emerald 3 Zenith
5334-59 131.3 113.3 8.1 ab 1.5 b 7.2 ab 17.3 ab

DALZ 0102 113.5 96.8 3.4 ab 2.4 ab 1.4 b 11.5 ab
Meyer 127.5 117.8 2.3 b 1.5 b 4.0 b 6.8 ab
zValues show percentage of pixels representing large patch symptoms from digital images taken of plots of
each zoysiagrass line and averaged across three replicated plots per line. The plots were inoculated in the
fall of 2008. One-way analysis of variance was used to compare average patch diameter and percentage of
diseased turf. Values followed by the same letter in a column are not statistically different (P < 0.05).
Values in the same column and with no letters are not statistically different (P < 0.05).
yMeyer, DALZ 0102, and Anderson (Chinese common) are Z. japonica. Zorro, 8501, 8508, and Diamond
are Z. matrella.
xArea under disease progress curve for the percentage of diseased turf. Calculated as

P
[(yi + yi+1)/2][ti+1 – ti],

where i = 1, 2, 3,., n-1, yi is the amount of disease (percentage of diseased turf) and ti is the time of the ith
rating. Values followed by same letter in a column are not statistically different (P < 0.05). There was no
significant difference in patch size among progeny and Meyer on 12 and 19 June.
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